This 12-month open-label, but dose-blinded extension phase, evaluated the safety and tolerability of flexibly-dosed edivoxetine (6, 9, 12 or 18 mg once daily) in patients (N = 397) with major depressive disorder, who completed the 10-week randomized, double-blind, placebo-controlled acute phase of the study. All patients were treated with edivoxetine during the extension phase. The mean age of the patients was 45 years, and most were white females. Safety evaluations included assessment of treatment-emergent adverse events (TEAEs), laboratory and vital sign measures, and suicidality. Within-group t-tests based on a 2-sided significance level of 0.05 and 95% confidence levels were used to assess whether changes from baseline were statistically significant from zero. The overall completion rate was 54%. Adverse event was the most common (14.4%) reason for discontinuation, which included blood pressure increased (1.3%), heart rate increased (1.3%), anxiety (1.0%), and tachycardia (1.0%). At least 1 TEAE was reported by 72.3% of patients, of which headache (10.8%) and hyperhidrosis (10.1%) were the most common; 2.8% of patients had ≥1 serious adverse events, and there were no completed suicides. No clinically relevant changes were observed in most laboratory measures. Potentially clinically significant changes in ALT values occurred in 1.8% of patients, and either normalized or had decreased by the last assessment. Mean increases in blood pressure and pulse were consistent with those observed in the acute phase and appeared to reach a plateau within 3 to 5 months of treatment. In conclusion, safety and tolerability findings during this long-term extension phase evaluation of edivoxetine were consistent with its norepinephrine reuptake inhibition profile.
Introduction
Major depressive disorder is a chronic and debilitating disorder that usually requires long-term treatment [1] . Patients with MDD often experience relapses and recurrences, and it is estimated that only a third of patients receiving antidepressant therapy achieve full remission with monotherapy [2] . After acute treatment (up to 12 weeks) as many as one-third to one-half of MDD patients who initially responded, will relapse if treatment is not continued for at least 3 -9 months beyond acute symptom resolution [1] . Successful long-term treatment is dependent, in part, on patient and physician education regarding the nature of depression, as well as the long-term safety and tolerability of antidepressant treatment [3] .
All currently available antidepressants affect neurotransmission of at least one of these three neurotransmitters: serotonin, norepinephrine, and dopamine. Globally, these antidepressants include monoamine oxidase inhibitors, tricyclic antidepressants, selective serotonin reuptake inhibitors (SSRI), serotonin-norepinephrine reuptake inhibitors (SNRI), selective norepinephrine reuptake inhibitors (NRI), and other agents [3] [4] .
Edivoxetine is a highly selective and potent NRI that is being studied for the treatment of MDD. This was a 62-week study of flexibly-dosed edivoxetine in patients with MDD that was comprised of a 10-week doubleblind placebo-controlled acute phase followed by a 52-week open-label extension phase. The acute phase has been published [5] ; herein we present the safety and tolerability results of the extension phase.
Materials and Methods

Overview
This was a 62-week Phase II/III multicenter study with a 10-week randomized, double-blind, placebo-controlled, flexible-dose, parallel-arm acute treatment phase comparing edivoxetine 6, 9, 12, and 18 mg once daily (QD) with placebo, followed by a 1-year open-label but dose-blinded, flexible-dose extension phase, and a 2-week taper off drug phase. The study was conducted at 43 sites across five countries: the United States, Finland, Poland, Russia, and Argentina. Enrollment for the acute phase began in November 2008, and the 1-year extension phase was completed in March 2011. The institutional review boards approved the protocol and all patients provided written informed consent. This study was conducted in accordance with ethical principles that have their origin in the Declaration of Helsinki, and are consistent with Good Clinical Practices and applicable laws and regulations.
Patient Selection
The study included female and male outpatients aged 18 to 65 years who met criteria for MDD without psychotic features, as defined by the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition Text Revision (DSM-IV-TR) (APA, 2000) and confirmed by the Mini-International Neuropsychiatric Interview (MINI) [6] . Patients were required to have a GRID 17-item Hamilton Rating Scale for Depression (GRID-HAMD 17 ) [7] total score ≥18, and Clinical Global Impressions-Severity (CGI-S) [8] score ≥4.
Key exclusion criteria included: any additional ongoing DSM-IV-TR Axis I condition other than major depression or any anxiety disorder (excluding specific phobias) preceding the onset of depression, which was considered the primary diagnosis within 1 year prior to enrollment in the acute phase of the study. Patients were also excluded if they were judged by the investigator to be at risk for harm to self or others. Patients were also to be excluded if they had an unstable medical condition or had any diagnosed medical condition, which could be exacerbated by noradrenergic agents including unstable hypertension or unstable heart disease, tachycardia or tachyarrhythmia, narrow angle glaucoma, or urinary hesitancy or retention.
Study Design
All patients who completed the acute phase of the study were eligible to enter the 1-year open-label dose-blinded extension phase (Figure 1) . Patients randomized to edivoxetine during the acute phase entered the extension phase on their current blinded dose of edivoxetine. Patients randomized to placebo during the acute phase began dose-blinded treatment in the 1-year extension phase with edivoxetine 6 mg QD and were titrated to 9 mg QD after 1 week. Even though investigators and patients were blinded to the dose of edivoxetine, investigators were given the option to request a dose increase at scheduled visits, or a dose decrease at any time based on treatment response and safety and tolerability. For all patients in the extension phase, the patient's dose was to be increased if the CGI-S score was ≥3 unless the patient was unable to tolerate an increased dose. If the CGI-S score was <3 and the patient was tolerating the current dose, the investigator could increase the dose to optimize response. Patients unable to tolerate an increased dose could be returned to the previously tolerated dose. However, if unable to tolerate that dose, investigators used their clinical judgment on whether to continue that dose or discontinue the patient's participation in the study. In the 2-week taper phase, patients who completed the extension phase of the study or discontinued early from the study for any reason were tapered as follows: patients whose current dose was edivoxetine 18 mg received 12 mg QD for 1 week followed by 6 mg QD for 1 week; patients whose current dose was edivoxetine 12, 9, or 6 mg received 6 mg QD for 2 weeks.
Outcome Measures and Assessments
Safety and tolerability assessments included spontaneously reported treatment-emergent adverse events (TEAEs), serious adverse events (SAEs), discontinuation rates, clinical laboratory tests (chemistry, hematology, and urinalysis), vital signs (blood pressure, pulse, weight), and electrocardiograms (ECGs). The occurrence, severity, and frequency of suicide-related events (behavior and/or ideation) were assessed using the Columbia Suicide Severity Rating Scale (C-SSRS) [9] , as well as unsolicited adverse event reporting.
Measures to evaluate the effect of edivoxetine in improving depression and related symptoms included: the Montgomery-Åsberg Depression Rating Scale (MADRS) [10] ; CGI-S; Fatigue Associated with Depression questionnaire (FAsD) [11] ; and Sheehan Disability Scale (SDS) [12] . Response was defined as at least a 50% reduction from baseline on the MADRS total score. Remission was defined as a MADRS total score ≤10. 
Statistical Analysis
All analyses were conducted on an intent-to-treat basis, and included only those patients who entered the 1-year extension phase. Baseline for analysis of safety measures, as well as efficacy and health outcomes, was the last visit in the acute treatment phase at Week 10. For changes in ECGs and laboratory tests, the last nonmissing value from the acute phase, including unscheduled visits, was utilized as the baseline. Because all patients received edivoxetine in the extension phase, results were subgrouped and summarized by the acute phase treatment assignments. Patients randomly assigned to placebo during the acute phase were referred to as the placebo/edivoxetine group (PBO/EDX), and patients randomly assigned to edivoxetine during the acute phase were referred to as the edivoxetine/edivoxetine (EDX/EDX) group. No statistical comparisons between these groups were conducted. Within-group t-tests based on a 2-sided significance level of 0.05 and 95% confidence intervals were used to assess whether changes from baseline were statistically significantly different from zero. The modal, mean, maximum, and last doses were summarized by treatment group for each study period.
Change from baseline for continuous safety, efficacy, and health outcomes measures were analyzed using a restricted maximum likelihood based mixed-effects model repeated measures analysis (MMRM) for each group. The model for this analysis included the fixed class effects of pooled investigative site and visit, and the continuous, fixed covariates of baseline score and baseline score-by-visit interaction. The percentages of patients meeting response and remission criteria were summarized at each observed visit and at the last-observation-carried-forward (LOCF) endpoint. The percentages of patients meeting criteria for categorical safety variables, including TEAEs, SAEs, adverse events reported as reason for requesting dose reduction and/or discontinuation, and categorical criteria for changes in vital signs, weight, ECGs, and laboratory tests, were summarized by group. The percentages for gender-specific adverse events were adjusted for the appropriate gender.
Categorical treatment-emergent changes in vital signs were summarized for patients who did not meet threshold criteria at baseline. Treatment-emergent orthostatic changes meeting criteria for orthostatic hypotension were defined as a systolic blood pressure decrease of ≥20 mm Hg from supine to standing or a pulse increase of ≥20 beats per minute (bpm) from supine to standing. Sustained elevations in systolic blood pressure were defined as 3 consecutive post-baseline values elevated ≥10 mm Hg from baseline and meeting at least 140 mm Hg threshold. Sustained elevations in diastolic blood pressure were defined as 3 consecutive post-baseline values that were ≥10 mm Hg from baseline and met a threshold of at least 90 mm Hg. Potentially clinically significant (PCS) elevations in blood pressure and pulse were defined as systolic blood pressure ≥180 mm Hg and ≥20 mm Hg increase from baseline; diastolic blood pressure ≥105 mm Hg and ≥15 mm Hg increase from baseline; or pulse rate >120 bpm and ≥15 bpm increase from baseline. PCS changes in weight were defined as a decrease of at least 7% of body weight or an increase of at least 7% of body weight.
Results
Patient Disposition
Of the 408 patients who completed the acute treatment phase, a total of 397 patients, including 207 patients from the placebo treatment group and 190 from the edivoxetine treatment group, entered the 1-year extension phase (Figure 2) . Of 397 patients, 54% completed the extension phase. The most frequent reason for discontinuation was adverse event (14.4%), followed by patient decision (12.6%). Approximately 60% of the patients who entered the 1-year extension phase also entered the taper phase. The majority of those patients (97%) completed the taper phase.
Patient Demographics and Illness Severity
Demographics for the patients who entered the 1-year extension phase are shown in Table 1 . The majority of patients were white, female, and less than 55 years of age, with a mean overall age of 44.9 years. The severity of illness for patients at the beginning of the extension phase is shown in Table 2 . Patients who received placebo in the acute phase had numerically higher severity scores on each measure than those who received edivoxetine.
Dosing
Across both groups compliance with treatment during the 1-year extension phase was 74.4%. The mean length Baseline severity of illness for the extension phase was derived as the Week 10 value from the acute phase of the study. N refers to the number of patientswith non-missing data for the given variable at both baseline and at least one post-baseline visit. Abbreviations: CGI-S, Clinical Global Impression of Severity; EDX, edivoxetine; FAs-D PRO, Fatigue Associated with Depression Patient Reported Outcome; MADRS, Montgomery-Åsberg Depression Rating Scale; PBO, placebo; SD, standard deviation; SDS, Sheehan Disability Scale.
of exposure to edivoxetine in the PBO/EDX group was approximately 250 days, and for the EDX/EDX group it was approximately 259 days. The mean modal dose of edivoxetine across the 52 weeks of the extension phase treatment was 12.2 mg/day (median = 9.0 mg) for the PBO/EDX group and 14.7 mg/day (median = 18.0 mg) for the EDX/EDX group. Among study completers, the frequency distribution of patients at each final edivoxetine dose was 13.9% (6 mg QD), 26.1% (9 mg QD), 16.5% (12 mg QD), and 43.5% (18 mg QD) in the PBO/EDX group; and 7.5% (6 mg QD), 16.0% (9 mg QD), 18.9% (12 mg QD), and 57.5% (18 mg QD) in the EDX/EDX group.
Adverse Events
TEAEs reported by at least 5% of patients are summarized in Table 3 . Overall, 72.3% of patients reported at least 1 TEAE. Headache (10.8%) and hyperhidrosis (10.1%) were most commonly reported with a numerically higher incidence in patients who switched from placebo to edivoxetine (13.0% and 13.5%, respectively) compared with patients who continued on edivoxetine (8.4% and 6.3%, respectively). Rates of discontinuation due to an adverse event were 15.5% in the PBO/EDX group and 13.2% in the EDX/EDX group. Across both groups, the most common adverse events leading to discontinuation were blood pressure increased (1.3%), heart rate increased (1.3%), anxiety (1.0%), and tachycardia (1.0%). Overall, 23.7% of patients reported an adverse event as a reason for requesting a reduction in dose. The most common events were erectile dysfunction (3.2% of males), tachycardia (3.0%), heart rate increased (2.3%), and hyperhidrosis (2.3%). During the taper phase, 15 out of 236 (6.4%) patients experienced at least one taper-emergent adverse event. The most common events were constipation and irritability, and each event was reported by 2 patients (0.8%).
The frequency of patients with at least 1 SAE was 2.8%, and there were no deaths in the extension phase. The SAEs reported for more than 1 patient were suicide attempt (2 patients in the PBO/EDX group) and non-cardiac chest pain (2 patients in the EDX/EDX group). SAEs reported by one patient each in the PBO/EDX group were gastroenteritis, intentional overdose, lumbar radiculopathy, schizoaffective disorder, and spinal osteoarthritis; and the EDX/EDX group reported drug abuse, hip fracture, musculoskeletal chest pain, myocardial infarction, tachycardia paroxysmal, and missed abortion. Three patients reported multiple SAEs as follows: In the PBO/ EDX group one patient had lumbar radiculopathy and spinal osteoarthritis; another patient reported an intentional overdose and suicide attempt. In the EDX/EDX group, one patient experienced a hip fracture and noncardiac chest pain, which were reported at different times.
In addition to the suicide attempt reported as an SAE, treatment-emergent suicidal ideation and behavior were reported on the C-SSRS. Eleven (5.3%) patients in the PBO/EDX group and 7 (3.7%) patients in the EDX/EDX group reported having treatment-emergent suicidal ideation. C-SSRS treatment-emergent suicidal behavior was reported by 1 (0.5%) patient in the PBO/EDX group and 2 (1.1%) patients in the EDX/EDX group.
Laboratory Measures
Statistically significant within-group differences were observed for LS mean change from extension phase baseline at various time points for some chemistry, hematology, and urinalysis laboratory tests. Most of the changes were small and not considered clinically relevant. No patient had a serious adverse event related to abnormal laboratory values.
Seven patients had elevated alanine transaminase (ALT) (≥3 times the upper limit of normal, ULN) and 2 had elevated total bilirubin (≥2 times the ULN). None of the patients met both ALT and total bilirubin elevation criteria (Hy's rule) at anytime. Of those patients who had ALT elevations, 2 were in the EDX/EDX group and 5 were in the PBO/EDX group. Both of the patients in the EDX/EDX group entered the extension phase with normal ALT levels. One of these patients had ALT levels that were ≥3 times the ULN at Week 62, which re- Table 3 . Treatment-emergent adverse events occurring in at least 5% of patients in the extension phase. turned to normal levels during the 2-week taper-off drug period. The other patient in the EDX/EDX group had ALT levels that were ≥3 times the ULN at Week 25 that returned to normal within 11 days, and continued to be normal at Week 62. In the opinion of the investigator, the elevation in ALT levels in that patient may have been associated with alcohol intake. In the PBO/EDX group, 2 patients discontinued early and had ALT levels that were ≥3 times the ULN, which returned to normal after discontinuation of edivoxetine. Two other patients in the PBO/EDX group had elevated ALT levels that were possibly associated with alcohol use in the opinion of the investigator. Even though the ALT levels in these two patients had decreased, both were discontinued early; one due to physician decision, and the other due to experiencing an adverse event of increased blood pressure. The fifth patient in the PBO/EDX group had normal ALT levels at extension phase entry and the levels were ≥3 times the ULN at Week 25, which the investigator thought was associated with excessive exercise. After this patient completed the study, ALT levels returned to within normal limits. Of the 2 patients with elevated total bilirubin, both were in the EDX/EDX group and had elevated levels prior to extension phase entry. One patient completed the trial; the other discontinued early as the elevated total bilirubin was attributed to Gilbert's syndrome.
Vital Signs and Weight
Changes from extension phase entry to Week 62 in vital signs and weight are summarized in Table 4 . Patients in the PBO/EDX group had significant within-group mean increases in supine systolic and diastolic blood pressure and pulse, whereas patients in the EDX/EDX group did not. There were no significant within-group changes in weight in either group. The percentages of patients with PCS changes in vital signs and weight are summarized in Table 5 . Only two patients met PCS criteria for both systolic and diastolic blood pressure changes. The percentages of patients with PCS changes in weight were numerically greater for weight loss than for weight gain in both PBO/EDX and EDX/EDX groups. Elevations in supine blood pressures that were sustained over 3 consecutive visits were experienced by 11.6 % of PBO/EDX-treated patients for systolic blood pressure and 6.5% for diastolic blood pressure. For patients in the EDX/EDX group, 4.7% experienced sustained elevations in systolic blood pressure and 7.7% had sustained elevations in diastolic blood pressure. Treatmentemergent orthostatic changes in blood pressure and pulse, respectively, were experienced by 13.3% and 15.9% of patients in the PBO/EDX group and 10.2% and 17.2% of patients in the EDX/EDX group. No patient with orthostatic blood pressure or pulse changes experienced a fall. Two patients with orthostatic pulse increases discontinued due to tachycardia and heart rate increased, respectively, and four patients with orthostatic blood pressure changes discontinued due to elevated blood pressure. At Week 62, ECG changes from extension phase entry in either group were not clinically significant as assessed by Fridericia's corrected QT interval (QTcF). None of the patients had an increase in QTcF of >60 msec from baseline or experienced a QTcF ≥ 500 msec.
Efficacy Outcomes
Changes from extension phase entry in illness severity are summarized in Table 6 . Statistically significant within-group mean improvements (reductions) in the MADRS total at Week 62 were observed for patients in both PBO/EDX and EDX/EDX groups. In addition, overall symptom severity was significantly reduced as assessed by changes in the CGI-S and measures of fatigue and functioning. Response rates at LOCF endpoint (from baseline which was Week 10 of the acute phase) were 47.0% and 43.6%, respectively, for the PBO/EDX and EDX/EDX groups; remission rates were 53.0% and 60.5%, respectively.
Discussion
This open-label extension phase evaluated the long-term safety and tolerability of flexibly-dosed edivoxetine in adult patients with MDD over 52 weeks. There were no new significant findings, as the outcomes were consistent with the results of the double-blind, placebo-controlled 10-week acute phase study [5] . That edivoxetine has long-term tolerability for use in treatment of MDD was supported by a high completion rate (54%) and high overall compliance with study medication (74.4%), as well as a 14.4% rate of discontinuation due to adverse events. Although approximately 72% of patients reported TEAEs, most events were considered mild or moderate in severity. In general, the TEAEs reported by the PBO/EDX group occurred with numerically greater fre- a Baseline for the extension phase was derived as the Week 10 value from the acute phase of the study. Parameters for potentially clinically significant: supine systolic BP: ≥180 mm Hg and ≥20 mm Hg increase from baseline; supine diastolic BP: ≥105 mm Hg and increase from baseline ≥15 mm Hg; supine pulse: >120 beats per minute (bpm) and increase ≥15 bpm from baseline. Abbreviations: BP, blood pressure; EDX, edivoxetine; N, number of patients with data; n, number of patients with categorical change; PBO, placebo. quency than what was observed in the EDX/EDX group, but they were similar to the rates reported by edivoxetine-treated patients in the acute placebo-controlled phase of the study, as well as in another earlier study of edivoxetine in MDD [13] . The higher incidence of TEAEs in the PBO/EDX group during the extension phase may reflect the lack of prior exposure to edivoxetine; whereas, the lower incidence of TEAEs in the EDX/EDX group suggests that most TEAEs occur early in treatment and become less frequent over time.
The most common TEAEs reported during long-term treatment with edivoxetine were consistent with those reported in the acute phase of this study [5] and an earlier edivoxetine study [13] , as well as other long-term MDD studies of antidepressants with norepinephrine re-uptake inhibition [14] - [22] . The frequency of SAE occurrence was low (<3%), and there were no deaths during this extension phase. The mean increases in supine systolic and diastolic BP and pulse observed in the PBO/EDX group were consistent with the changes seen during the 10-week acute phase of this study in patients randomized to edivoxetine.The overall small (<1 mm Hg) mean changes in systolic and diastolic BP and small decrease in pulse rates observed in the EDX/EDX group suggest that the increase in these measures that occurred after initiating treatment with edivoxetine in the acute phase of the study had reached a plateau. The rate of PCS changes in systolic and diastolic blood pressure and pulse were numerically higher in the PBO/EDX group than in the EDX/EDX group. Overall, 4 of these patients completed the study; 5 patients discontinued due to adverse events: high blood pressure (n = 2), increased heart rate (n = 1), palpitations (n = 1), and insomnia (n = 1).
Changes in weight, especially weight gain, are of concern to patients on antidepressant treatment [23] . Longterm treatment with edivoxetine was associated more frequently with weight loss than weight gain. Overall, the mean change in weight from the extension phase baseline was less than 1 kg. For those patients who experienced a substantial (≥7%) change in weight, approximately 13% lost weight and approximately 8% gained weight. These changes in weight were similar to what has been reported during long-term treatment with other antidepressants with norepinephrine reuptake inhibition, such as duloxetine [16] [17], venlafaxine [15] , and levomilnacipran [24] Erectile dysfunction in male patients is also another concern associated with antidepressant treatment [25] . Long-term exposure to edivoxetine in this study was associated with erectile dysfunction in 6.4% of male patients. This adverse event was the reason for study discontinuation in one patient, and a request for a reduction in edivoxetine dose for another patient. The occurrence of erectile dysfunction as an adverse event has been reported with similar frequency during long-term treatment with other antidepressants with norepinephrine reuptake inhibition [16] [22] .
Although the outcome of the 10-week acute treatment phase of this study was a significantly greater reduction in depressive symptoms in edivoxetine-versus placebo-treated patients [5] , the mean MADRS total was nearly 16 for the edivoxetine group that entered the extension phase, which suggests that some of these patients had residual symptoms. By the end of an additional 52 weeks of treatment, the mean MADRS total score in these patients had been reduced further by 7 points and 60.5% had remitted.
Some limitations to this study need to be taken into consideration when interpreting the results. Patients with an unstable medical illness, or some comorbid psychiatric and medical conditions were excluded. Given the high incidence of psychiatric conditions comorbid with MDD, the patient population in this report may not be fully representative of patients typically seen in clinical practice. This open-label extension phase did not include any comparator including placebo, so interpretation of the efficacy data cannot be attributed to specific causative factors.
Conclusion
In conclusion, the safety and tolerability findings during this long-term evaluation of edivoxetine were consistent with the safety profile reported in the acute phase of this study. In addition, these findings were comparable to reports on other antidepressants with norepinephrine reuptake inhibition.
